diffractometer with a CCD area detector. Frames were collected by omega scans, and integrated with the Bruker SAINT software package using the appropriate unit cell in the case of the former diffractometer, 3 and the CRYSALIS PRO and CRYSALIS RED software packages for data collection and data integration with the latter. 4 The structures were solved using the SHELXS-97 program, 5 and refined by full-matrix least-squares on F 2 with SHELXL-97. 6 Weighted R-factors, R w , and all goodness of fit indicators, S, were based on F 2 . The observed criterion of (F 2 > 2σF 2 ) was used only for calculating the Rfactors. All non-hydrogen atoms were refined with anisotropic thermal parameters in the final cycles of refinement. Hydrogen atoms were placed in idealised positions, with C-H distances of 0.93 Å and 0.98 Å for sp 2 and sp 3 hybridised carbon atoms, respectively. The isotropic thermal parameters of the hydrogen atoms were assigned the values of U iso = 1.2 times the thermal parameters of the parent non-hydrogen atom.
Synthesis of copper(I/II) complexes
[L 1 Cu II (EtOH)](OTf) 2 . In a 100 mL round bottom flask, 100 mg (0.21 mmol) of L 1 was disolved in 20 mL of distilled ethanol and 77 mg (0.21 mmol) of the Cu(OTf) 2 were added to the solution after 5 min of stirring at room temperature, the reaction mixture turned deep green. After 23 hrs of stirring, 20 mL of diethyl ether were added and the complex precipitated as a deep green solid, which was dried under vacuum to afford 133 mg of copper (II) complex (75% II Cl] + at the 50% probability level; H-atoms and disordered perchlorate anion are omitted for clarity. Selected bond distances (Å): Cu1-Cl1 2.280(9), Cu1-S1 2.686(2), Cu1-N1 1.963(4), Cu1-N2 2.141(3), Cu1-N11 1.965(3); angles (°): Cl1-Cu1-S1 102.0(3), Cl1-Cu1-N1 97.7(3), Cl1-Cu1-N2 172.1(3), Cl1-Cu1-N11 98.0(3), S1-Cu1-N1 88.1(1), S1-Cu1-N2 85.8(1), S1-Cu1-N11 101.2(1), N1-Cu1-N2 81.9(1), N1-Cu1-N11 159.7(2), N2-Cu1-N11 80.8 (1) .
OTf 2 at the 50% probability level; H-atoms and disordered triflate anions are omitted for clarity. Selected bond distances (Å): Cu1-S1 2.211(2), Cu1-N6 1.987(6), Cu1-N8 2.458(6), Cu1-N9 2.015(5), Cu2-S2 2.188(2), Cu2-N1 2.035(3), Cu2-N3 2.437(6), Cu2-N4 1.996(7); angles (°): S1-Cu1-N6 122.5(2), S1-Cu1-N8
135.3(1), S1-Cu1-N9 113.6(2), N6-Cu1-N8 76.5(2), N6-Cu1-N9 121.7(2), N8-Cu1-N9 74.8(2), S2-Cu2-N1 111.7(2), S2-Cu2-N3 132.3(1), S2-Cu2-N4 130.8(2), N1-Cu2-N3 74.3(2), N1-Cu2-N4 114.7(2), N3-Cu2-N4 76.8(2). Table S1 . Selected crystallographic data. 
Reactivity studies
Generation of superoxo copper complexes. In the glovebox from a 1 mM stock solution, 0.3 mM Cu + complexes solutions were prepared in 10 mL THF or 2-MeTHF. 4 mL of this solution were transferred into a 1 cm Schlenk cuvette, which was sealed with a rubber septum. The cell was transferred to the pre-cooled cryostat and chilled at -100 or -80°C (THF), -125°C (2-MeTHF) with 10 minutes allowed for equilibration prior to oxygenation. Dioxygen was gently bubbled through the solution using a long needle for 40 seconds
Generation of hydroperoxo copper complexes. In the glovebox from a 1 mM stock solution, 0.3 mM Cu 2+ complexes solutions were prepared in 10 mL THF. 4 mL of this solution were transferred into a 1 cm Schlenk cuvette, which was sealed with a rubber septum. The cell was transferred to the UV-vis spectrophotometer and 10 equiv of a 1:1 H 2 O 2 /Et 3 N solution were added. After the addition the formation
was monitored for 1 hr.
Characterisation of superoxo complexes
The UV-vis spectra of superoxo complexes with both ligands were determined in THF and 2-MeTHF at -100/-80 and -125°C respectively:
[ 
DFT Calculations
All theoretical calculations were based on the Density Functional Theory (DFT) and were performed with the ORCA software package. 7 Full geometry optimisations were carried out for all complexes using the GGA functional BP86 [8] [9] [10] in combination with the TZV/P 11 basis set for all atoms and by taking advantage of the resolution of the identity (RI) approximation in the Split-RI-J variant 12 with the appropriate Coulomb fitting sets. 13 Increased integration grids (Grid4 in ORCA convention) and tight SCF convergence criteria were used. Vibrational frequency calculations were performed to ensure that each geometry optimization converged to a real minimum. Solvent effects were accounted for according to the experimental conditions. For that purpose, we used the THF solvent (ε = 7.25) within the framework of the conductor like screening (COSMO) dielectric continuum approach. 14 Optical properties were predicted from additional single-point calculations using the B3LYP 15, 16 functional together with the TZV/P basis set. Electronic transition energies and dipole moments for all models were calculated using time-dependent DFT (TD-DFT) [17] [18] [19] within the Tamm-Dancoff approximation. 20, 21 To increase computational efficiency, the RI approximation 22 was used in calculating the Coulomb term and at least 40 excited states were calculated in each case. Difference transition density plots were generated for each transition and visualized with the Chemcraft program. 23 Energetic analysis was carried out from additional single point high-spin and Broken Symmetry (BS) [24] [25] [26] calculations using the B3LYP functional and the TZV/P basis set on the previously optimised geometries. For the BS state, the single-point calculation was performed using the high-spin wave function and the BrokenSym (1,1) keyword to generate the unrestricted broken-symmetry singlet wave function. The Heisenberg isotropic exchange coupling constants J were evaluated from the BS state and the Yamaguchi formula 27,28 was used to estimate the exchange coupling constants J based on the Heisenberg-Dirac-van Vleck Hamiltonian. [29] [30] [31] [32] Figure S17 H, white.
Characterisation of hydroperoxo complexes
The UV-vis spectra of hydroperoxo complexes were recorded at room temperature in THF, and analysed by ESR at liquid nitrogen temperature in anhydrous acetone. 
Characterisation of products from reactivity studies
Once the Cu/O 2 species were generated (superoxo and hydroperoxo), in the glovebox a 3 mM solution of 9,10-DHA was prepared in 10 mL of THF; 0.1 mL of this solution (1:10 copper/substrate ratio) was added to the solution containing the reactive copper-oxygen species. After 1 hour of reaction, a liquid-liquid extraction with 0.5 M EDTA solution and CH 2 Cl 2 was done by triplicate. The organic extract was analyzed by GC-MS, the sample was dissolved in 1 mL CH 2 Cl 2 and 1 µL was injected. 
